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TITLE: 

METALLOCENE COMPOUNDS, PROCESS FOR THEIR PREPARATION, AND THEIR 
USE IN CATALYSTS FOR THE POLYMERIZATION OF OLEFINS 

The present invention relates to a class of bridged metal- 
locene compounds, to the process for their preparation and to 
the use of these metal locenes as catalyst components for the 
polymerization of olefins. 

Metallocene compounds with two bridged cyclopentadienyl 
groups are known as catalyst components for the polymerization 
of olefins* 

For example, European Patent Application EP-A-129,368 de- 
scribes a catalyst system for the polymerization of olefins 
which comprises a bis-cyclopentadienyl coordination complex with 
a transition metal, wherein the two cyclopentadienyl groups can 
be joined by a bridging group* 

In this type of metallocene compounds the two cyclopenta- 
dienyl groups are generally bridged by divalent radicals having 
two or more carbon atoms, such as an ethylidene group, or with 
atoms other than carbon, such as a dimethylsilanediyl group, 

Metallocene compounds having two cyclopentadienyl groups 
bridged by a single carbon atom are also known. In particular, 
metallocene compounds of this type having two different cyclo- 
pentadienyl groups are known. 

For example, European Patent Application EP-A-351,392 de- 
scribes a catalyst which can be used for the preparation of 
syndiotactic polyolefins and contains a metallocene compound 
with two cyclopentadienyl groups linked by a bridge between 
them, in which one of the two cyclopentadienyl groups is substi- 
tuted in a manner different from that of the other. The compound 
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indicated as being preferred is isopropylidene- 
(fluorenyl) (cyclopentadienyl) hafnium dichloride. 

As regards metallocene compounds having two equally substi- 
tuted cyclopentadienyl groups bridged by a single carbon atom, 
in European Patent Application £P 416,566 it is described the 
polymerization of propylene, carried out in liquid monomer in 
the presence of a catalyst consisting of (A) an alumoxane and 
(B) a metallocene compound in which the cyclopentadienyl rings, 
which can be identical or different, are linked via a bridge of 
the formula -R^CR^- in which R^ and R^ can have different 
meanings. The only compound given as an example is isopropylide- 
ne-bis(indenyl) zirconium dichloride. However, the thus obtaina- 
ble propylene polymers have a very low molecular weight. 

I.F.Urazowski et al. at the Xth Fechem Conference on Orga- 
nometallic Chemistry held on September 5-10, 1993 in Agia Pela- 
gia, Crete - Greece presented metallocene complexes of Ti and Zr 
obtained from two dicyclopentadienyl-dimethyl-methanes, namely 
those having an isopropyl or tertbutyl substituent on the 3 -po- 
sition of each cyclopentadienyl ring. However, only mechanisms 
of the formation of those complexes and their structural featu- 
res on the basis of X-ray analysis were discussed. 

A novel class of metallocene compounds has now been found 
which has two identical cyclopentadienyl ligands which are lin- 
ked to one another by an alkylidene bridge and which can advan- 
tageously be used as catalyst components for the polymerization 
of olefins. 

An object of the present invention is therefore a metallo- 
cene compound of the formula (I) : 
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identical or 



different, are hydrogen atoms or C^-Cjo-alkyl, C3-C2o-cycloalkyl, 
C2-C2o-alkenyl, Cg-Cjo-aryl, c^-CjQ-alkylaryl or c^-Cjo-arylalkyl 
groups which can contain silicon or germanium atoms, being 
different from and from a hydrogen atom, and wherein R^ and R^ 
on the same cyclopentadienyl ring can form a ring having 5 to 8 
carbon atoms; 

r5 is a hydrogen atom or a -CHR^R^ group; 

R^ is a Cg-C2o-aryl radical or a -CHR^r" group; 

R^ and R^ can form a ring having 3 to 8 carbon atoms which can 
contain hetero atoms; 

R^, R®, R^ and R^^, which can be identical or different, are 

hydrogen atoms or C^-Cjo-alkyl, C3-C2o-cycloalkyl, C2-C2o-alkenyl, 

Cg-Cjo-aryl, C7-C2o-alkylaryl or C7-C2o-arylalkyl radicals which 

can contain hetero atoms such as nitrogen, phosphor, oxygen or 

sulphur, and two r'^, R®, R^ and R^° substituents can form a ring 

having 3 to 8 carbon atoms which can contain hetero atoms; 

M is an atom of a transition metal selected from those belonging 

to group 3, 4, 5, 6 or to the lanthanide or actinide groups in 

the Periodic Table of the Elements (new lUPAC version) ; 

the X substituents, which can be identical or different, are 

hydrogen atoms, halogen atoms or R, OR, SR, NRj or PR2 groups. 
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Wherein the R substituents are C^-CjQ-alkyl, Cj-Cjo-cycloalkyl, 
Cj-Cjo-alkenyl, Cg-CjQ-aryl, C^-Cjo-alkylaryl or C^-CjQ-arylalkyl 
radicals which can contain silicon or germanium atoms; 
with the proviso that, when the R^, and R^ substituents are 
hydrogen atoms and the R^ and the R^ substituents are methyl 
groups, then the R^ substituents are other than an isopropropyl 
or tertbutyl group. 

The transition metal H is preferably selected from 
titanium, zirconium and hafnium and, more preferably, is zirco- 
nium. 

The X substituents are preferably chlorine atoms or methyl 
radicals. 

A particularly interesting class of metallocenes according 
to the invention is that of the compounds of the formula (I) in 
which the R^ substituents are hydrogen atoms. The R^ 
substituents are preferably different from hydrogen atoms. The 
R^ substituents are preferably carbon, silicon or germanium 
atoms substituted with three alkyl, cycloalkyl, aryl, alkylaryl 
or arylalkyl groups having 1 to 10 carbon atoms. The R^ substi- 
tuents are preferably hydrogen atoms. Non-limiting examples of 
metallocene compounds belonging to this class are: 
isopropylidene-bis (3-methyl-cyclopentadienyl) zirconium dichlori- 
de, 

isopropylidene-bis (3-isopropyl-cyclopentadienyl) zirconium dic- 
hloride, 

isopropylidene-bis (3-t-butyl-cyclopentadienyl) zirconium dichlo- 
ride, 

isopropylidene-bis (2 , 4-dimethyl-cyclopentadienyl) zirconium dic- 
hloride, 
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isopropylidene-bis(2-inethyl-4-t-butyl-cyclopentadienyl) Zirconium 
dichloride and 

isopropylidene-bis(2-inethyl-4-phenyl-cyclopentadienyl) zirconium 
dichloride. 

Another particularly interesting class of metallocenes ac- 
cording to the invention is that of the compounds of the formula 

(II): 




and the corresponding bis-4,5,6,7-tetrahydroindenyl compounds, 
wherein R^, R*, rS rS M and X are defined as above, and the 
six-carbon-atom rings of the indenyl ligands can optionally be 
substituted. The R^ substituents are preferably carbon, silicon 
or germanium atoms substituted with three alkyl, cydoalkyl. 
aryl, alkylaryl or arylalkyl groups having 1 to 10 carbon atoms. 
The R* substituents are preferably hydrogen atoms. Non-limiting 
examples of metallocene compounds belonging to this class are: 
isopropylidene-bis(3-methyl-indenyl) zirconium dichloride, 
isopropylidene-bis ( 3 -ethyl-indenyl) zirconium dichloride, 
isopropylidene-bis(3-isopropyl-indenyl) zirconium dichloride, 
isopropylidene-bis (3-t-butyl-indenyl) zirconium dichloride, 
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isopropylidene-bis(3-triinethylsilyl-incienyl) zirconium dichlori- 
de, 

isopropylidene-bis (3-trimethylgennyl-indenyl) zirconium dichlori- 
de, 

isopropylidene-bis (3-t-butyl-4 , 5, 6, 7-tetrahydroindenyl) zirco- 
nium dichloride. 

The metallocene compounds of the formula (I) can be prepa- 
red by a process which represents another object of the present 
invention and which comprises the reaction of the corresponding 
bis-cyclopentadienyl ligands of the formula (III): 



wherein R^, R^, 
R^, R*, r5 and 

R^ are defined as above, and A is a suitable leaving group, with 
a compound of the formula MX4, wherein M and X are defined as 
above* The double bonds of the cyclopentadienyl rings in the 
ligands of formula (III) can be in any of the allowed positions. 
The ligands of the formula (III) can be prepared, for example, 
by the method described in the co-pending Italian Patent Appli- 
cation No. MI/95A/100 in the name of the same Applicant. 

In the case in which at least one substituent X in the me- 
tallocene compound of the formula (I) which is to be prepared is 
other than a halogen, it is necessary to substitute at least one 
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8Ubstituent X in the metallocene obtained by at least one sub- 
stituent X other than a halogen. 

The reaction of substituting substituents X by substituents 
X other than a halogen is carried out using generally applied 
methods. For example, if the desired substituents X are alkyl 
groups, the metal locenes can be made to react with alkylmagne- 
slum halides (Grignard reagents) or with alkyllithium compounds. 

The metallocene compounds of the present invention can con- 
veniently be used as catalyst components for the polymerization 
of olefins. 

Still another object of the present invention is therefore 
a catalyst for the polymerization of olefins, consisting of the 
product of the reaction between: 

(a) a metallocene compound according to the invention, and 

(b) an alumoxane or a compound able to form an alkylmetallocene 
cation. 

In the catalyst used in the process according to the inven- 
tion, both the metallocene compound of the formula (I) and the 
alumoxane can be present as the product of the reaction with an 
organometallic aluminium compound of the formula A1R^^3 or 
Al2R^^e# in which the substituents R^^ which can be identical or 
different are defined as for the substituents R or are halogen 
atoms. 

The alumoxane used in the catalyst according to the inven- 
tion is a linear, branched or cyclic compound containing at le- 
ast one group of the type: 
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wherein the substituents R^^ which can be identical or different 
are defined as for the substituent R or are a group -0-Al(R^^)2 
and, if appropriate, some R^^ can be halogen atoms. 
In particular, alumoxanes of the formula: 



yl2 



sl2 



>12 



Al O — Al— O 



,12 



Al 



n 



can be used in the case of linear compounds, wherein n is 0 or 
an integer of between 1 and 40 and the substituents R^^ are de- 
fined as for the substituents R, or alumoxanes of the formula: 



»12 



-•Al- 



n 



can be used in the case of cyclic compounds, with n being an 
integer of between 2 and 40 and the substituents R^2 being defi- 
ned as for the substituents R. 

The substituents R^2 ^^j.^ preferably methyl, ethyl, 
isobutyl or 2, 4 ,4-trimethyl-pentyl. 

Examples of alumoxanes suitable for use according to the 
present invention are methylalumoxane (MAO) , isobutylalumoxane 
(TIBAO) and 2,4,4-trimethyl-pentylalumoxane (TIOAO) . 

Non-limiting examples of aluminium compounds of the formula 
A1R^^3 or AljR^^e are: 

Al(Me)3, Al(Et)3, AlH{Et)2, Al(iBu)3, AlHCiBu)^, Al(iHex)3, 
Al(iOct)3^ A1(C6H5)3, Al (CH^CgHg) 3 , Al (CH2CMe3 ) 3 , Al {CH2SiMe3) 3 , 
Al(Me)2iBu, Al(Me)2Et, AlMe(Et)2, AlMe(iBu)2. Al(Me)2iBu, 
Al(Me)2Cl, Al(Et)2Cl, AlEtCl2 and Al2(Et)3Cl3, wherein 
Me = methyl, Et = ethyl, iBu « isobutyl and iHex « isohexyl, 
iOct « 2,4,4-trimethyl-pentyl. 
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Amongst the above aluminium compounds^ trimethylaluminium 
(TMA) and triisobutylaluminium (TIBAL) are preferred, 

Hon-limiting examples of compounds able to form an alkylme- 
tallocene cation are compounds of the formula Y*2", wherein is 
a Brfinsted acid, able to donate a proton and to react irrever- 
sibly with a substituent X of the compound of the formula (I) , 
and is a compatible anion which does not coordinate and which 
is able to stabilize the active catalytic species which results 
from the reaction of the two compounds and which is sufficiently 
labile to be displaceable by an olefin substrate. Preferably, 
the anion Z" consists of one or more boron atoms. More 
preferably, the anion Z" is an anion of the formula BAr^^^^, whe- 
rein the BUbstituents Ar which can be identical or different are 
aryl radicals such as phenyl, pentaf luorophenyl or bis(trifluo- 
romethyl) phenyl. Tetrakis-pentaf luorophenyl borate is particu- 
Isirly preferred. Moreover, compounds of the formula BArj can 
conveniently be used. 

The catalysts of the present invention can also be used on 
inert supports. This is achieved by depositing the metallocene 
compound (A) or the product of the reaction thereof with the 
component (B) , or the component (B) and then the metallocene 
compound (A) on inert supports such as, for example, silica, 
alumina, styrene/divinylbenzene copolymers or polyethylene. 

The solid compound thus obtained, in combination with the 
further addition of the alkylaluminium compound either as such 
or prereacted with water if necessary, is usefully employed in 
gas^phase polymerization. 

A further object of the present invention is a process for 
the polymerization of olefins, which comprises the polymeriza- 
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tion reaction of one or more olefin monomers in the presence of 
a catalyst as described above. 

Preferred olefin monomers are ethylene, the a-olefins and 
the cycloolef ins. The catalysts according to the invention can 
conveniently be used, for instance, in the homopolymerization 
reactions of ethylene or of a*olefins such as propylene and 
1-butene, in the copolymerization reactions of ethylene with 
a-olefins such as propylene and l*butene, and also in the copol- 
ymerization reactions of propylene with C^-C^o a-olefins such as 
1-butene. Particularly interesting results are achieved when the 
catalysts of the invention are used for the polymerization of 
propylene . 

Thus, according to an embodiment of the process for olefin 
polymerization of the invention, propylene is polymerized in the 
presence of a metallocene compound of the formula (II), wherein 
the substituents are carbon, silicon or germanium atoms sub- 
stituted with three alkyl, cycloalkyl, aryl, alkylaryl or 
arylalkyl groups having 1 to 10 carbon atoms, and wherein R^, 
R^, R^, M and X are defined as above. The R^ substituents are 
preferably hydrogen atoms. Examples of those metallocene 
compounds are: 

isopropylidene-bis(3-t-butyl-indenyl) zirconium dichloride, 
isopropylidene-bis (3-trimethylsilyl-indenyl) zirconium dichlori- 
de, and 

isopropylidene-bis (3-trimethylgermyl-indenyl) zirconium dichlori- 
de. 

The thus obtainable propylene polymers have narrow molecu- 
lar weight distributions coupled with high isotactic indexes and 
a very high levels of regioregularity. In fact, the ^^C-NMR 
analysis carried out on these polymers does not show structural 
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units due to regioirregular insertions. Reference is made to 
"Macromolecules, 1995, vol.28, pagg. 6667-6676". 

Thus, another object of the present invention is a propyle- 
ne homopolyxner having the following characteristics: 

molecular weight distribution (Mw/Mn) lower than 4, prefe- 
rably lower than 3.5, more preferably lower than 3, 
isotactic (mmmm) pentads, as determined by ^^C-NMR 
analyses, higher than 70%, preferably comprised between 75 
and 97%, more preferably between 80 and 95%, 
no structural units due to regioirregular insertions dete- 
ctable at the ^^C-NMR analysis carried out with a 300 MHz 
instrument. 

If the polymerization of propylene is carried out in the 
presence of a bis-4,5,6,7-tetrahydroindenyl metallocene compound 
corresponding to the above said compounds of the formula (II) , a 
very low molecular weight polypropylene wax is obtained. 
Notwithstanding the low molecular weight, these waxes have 
fairly high isotactic indexes as demonstrated by the presence of 
a melting point and by the values of isotactic (m) diads, as 
determined by ^^C-NMR analyses, which are generally higher than 
90%. 

According to another embodiment of the process for olefin 
polymerization of the invention, propylene is polymerized in the 
presence of a metallocene compound of the formula (I) in which 
the r2 sixbstituents are hydrogen atoms and the substituents 
are carbon, silicon or germanium atoms substituted with three 
alkyl, cycloalkyl, aryl, alkylaryl or arylalkyl groups having 1 
to 10 carbon atoms. The R^ substituents are preferably hydrogen 
atoms. Examples of those metallocene compounds are: 
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isopropylidene-bis (3-t-butyl-cyclopentadienyl) zirconium dichlo- 
ride, and 

isopropylidene-bis (2-methy 1-4 -t-butyl-cyclopentadienyl) zirconium 
dichloride. 

The thus obtainable propylene polymers, besides narrow mo-* 
lecular weight distributions, have very high isotactic indexes, 
as results from their high melting points which are generally 
higher than 155«C and also higher than 160«C. 

Thus, a further object of the present invention is a prop- 
ylene homopolymer having the following characteristics: 
- molecular weight distribution (Mw/Mn) lower than 4, prefe- 
rably lower than 3.5, more preferably lower than 3, 
* isotactic (m) diads, as determined by ^^C-NMR analyses, hi- 
gher than 99%, preferably higher than 99.5%. 
Even the values of isotactic (mmmm) pentads for these pol- 
ymers can be as high as 99% and over. 

These polymers do not have a very high level of regioregu- 
larity- In fact, the ^^C-NMR analysis carried out with a 300 MHz 
instrument on these polymers generally shows the presence of a 
low amount of structural units due to regioirregular insertions, 
such as 1,3 insertions. 

Particularly interesting results are achieved when in the 
above said specific metallocene compounds of the formula (I) the 
substituents are different from hydrogen atoms, such as for 
the isopropylidene-bis (2-methyl-4-t-butyl-cyclopentadienyl) zir- 
conium dichloride. It is thus possible to obtain propylene pol- 
ymers having very high isotactic indexes, as results from their 
melting points which can be higher than 160*0 even at polymeri- 
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zation temperatures of Industrial interest, such as 50 «C and higher. 

The propylene polymers obtainable from the process of the 
invention have low xylene-soluble fractions, generally lower 
than 5% by weight, preferably lower than 3% by weight, more pre- 
ferably lower than 1% by weight. 

The polymerization reaction of propylene according to the 
invention can be carried out in the presence of a C4-Cj^o tt:*olef in 
comonomer, such as 1-butene. It is thus possible to obtain prop- 
ylene copolymers with 0.1-10% by moles of a C4-Cj^q a-olefin como- 
nomer having characteristics similar to those of the correspon- 
ding homopolymer but a lower melting point. Notwithstanding the 
presence of a comonomer, these copolymers still have an extre- 
mely low xylene-soluble fractions, generally lower than 3% by 
weight, preferably lower than 2% by weight, more preferably lo- 
wer than 1% by weight. 

Thus, a still further object of the present invention is a 
propylene copolymers with 0.1-10% by moles of a C^-C^q a-olefin 
comonomer, preferably l-butene, having the following characteri- 
stics: 

isotactic (m) diads, as determined by ^^C-NMR analyses, hi- 
gher than 70%, preferably higher than 75%, more preferably 
higher than 80%, 

molecular weight distribution (Mw/Mn) lower than 4, prefe- 
rably lower than 3.5, more preferably lower than 3, 
xylene-soluble fractions lower than 3% by weight, 
preferably lower than 2% by weight, more preferably lower 
than 1% by weight. 

The process for the polymerization of olefins according to 
the invention can be carried out in the liquid phase in the pre- 
sence or absence of an inert hydrocarbon solvent, or in the gas 
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phase. The hydrocarbon solvent can either be aromatic such as 
toluene, or aliphatic such as propane, hexane, heptane, isobuta- 
ne or cyclohexane. 

The polymerization temperature is generally comprised be- 
tween **100^C and +80<»C, and more particularly between -50^C and 
+50»c. The lower the polymerization temperature, the higher are 
the resulting molecular weights of the polymers obtained. 

The molecular weight of the polymers can be also varied by 
varying the type or the concentration of the catalyst components 
or using molecular weight regulators such as, for example, 
hydrogen. 

The molecular weight distribution can be varied by using 
mixtures of different metallocene compounds or by carrying out 
the polymerization in several stages at different polymerization 
temperatures and/or different concentrations of the molecular 
weight regulators. 

The polymerization yields depend on the purity of the me- 
tallocene compound of the catalyst. The metallocene compounds 
obtained by the process of the invention can therefore be used 
as such or can be subjected to purification treatments. 

The components of the catalyst can be put into contact with 
one another before the polymerization. The contact time is gene- 
rally between 1 and 60 minutes, preferably between 5 and 20 mi- 
nutes. The pre-contact concentrations are between 10'^ and 
10*® mol/1 for the metallocene component (A) , while they are be- 
tween 10 and 10"^ mol/1 for the component (B) . The pre-contact 
Is generally effected in the presence of a hydrocarbon solvent 
and, if appropriate, of small quantities of monomer. 

The following examples are given for illustrative purposes 
and do not limit the invention. 
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CEARACTEHIZATIOKS 

The ^H-NMR analyses were carried out on a Bruker 200 MHz 
instrument with a pulse amplitude of 40' and a 1 second interval 
between pulses, 128 to 512 data points were accumulated for each 
sample, depending on the solubility of the various compounds. 

The ^^C-NMR analyses were carried out on a Varian UNITY-BOG 
instrument operating at 75.4 MHz. The samples were analyzed in a 
15% solution in deuteroethane tetrachloride at 130»C. For each 
sample, 6000 data points were acctimulated with an interval of 12 
seconds between each pulse. 

The intrinsic viscosity is measured in tetralin at 

135«C. 

Measures of Differential Scanning Calorimetry (D.S.C.) were 
carried out on an instrument DSC-7 of Perkin Elmer Co. Ltd., 
according to the following method. About 10 mg of sample obtai- 
ned from the polymerization were cooled to -25«C and thereafter 
heated at 200*»C with a scanning speed corresponding to 10«C mi- 
nute. The sample was kept at 200*»C for 5 minutes and thereafter 
cooled with a scanning speed corresponding to lO^C/minute. Then, 
a second scanning was carried out according to the same modali- 
ties of the first one. The values reported are those obtained in 
the first scanning. 

The distribution of molecular weights was determined by GPC 
carried out on an instrument WATERS 150 in orthodichlorobenzene 
at 135«C. 

The solubility in xylene of the propylene polymers is de- 
termined by dissolving 2 g of polymer in 250 ml of xylene at 
135 and stirring the system. After 20 minutes, the solution is 
cooled down to 25 "C. After 30 minutes the precipitated material 
is filtered; the solution is evaporated in nitrogen flow and the 
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residue is dried at BO^C. In this way the percentage of polymer 
soluble in xylene at room temperature (XSRT) is calculated and 
thus also the percentage of insoluble polymer. 

PREPARATION OF THE METALLOCENES 
All the operations were carried out in a dry nitrogen atmo- 
sphere, using the conventional techniques for the handling of 
compounds which are sensitive to air. 
THF « tetrahydrofuran 
£t20 m ethyl ether 
DME « diroethoxy ethane 
py^MPLE 1, 

jrac-is oproDVlidene-bis (3-trimethvlsilvl-indenvl) zirconium dic^ 

hlpyjd^ 

(a) Synthesis of 2 . 2-bis f indenvl> propane 

23.5 ml (200 mmol) of indene was added within 0.5 hours to 
a suspension of 15 g of milled KOH in 150 ml of DME, The mixture 
was heated to reflux. Then 7.5 ml (100 mmol) of acetone was ad- 
ded dropwise within 0.5 hours and the mixture was stirred under 
reflux for additional 2 hours. The resulting mixture was cooled, 
treated with 200 ml of diluted phosphoric acid until neutraliza- 
tion and then with 100 ml of diethyl ether. The organic layer 
was separated, washed with water and dried over Na2S04. Then the 
solvent was removed in vacuo and the residue was distilled at 
IGO-ieo^C and 0.01 torr. The broad fraction was collected and 
recrystallized from a 1:1 ether/hexane mixture, thus obtaining 
20.4 g of the product (yield 72%). ^H-NMR (acetone-dg, 30"C) S: 
7.37 (d,2H); 7.32 (d,2H); 6.98 (m,4H); 6.60 (t,2H)) {=CH-} 3.38 
(d,4H, -CH2-) 
1.74 (s,6H, -CH3) . 

(b) Synthesis of 2 , 2-bis r3-trimethvlsilvl-indenvl^ propane 
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5.45 g (20 mmol) of 2 , 2-bis ( indenyl) propane was dissolved 
in 100 ml of ether. The solution thus obtained was taken to 
-20*»C, and 22 ml of a 2.0 M solution of n-butyl- lithium in pen- 
tane was added, thus giving a suspension of dilithium- 
2, 2-bis(indenyl) propane. 8.77 g (30.85 mmol) of dilithium 
2,2-bis(indenyl)propane was dissolved in 100 ml of ether, and 
10 ml of Me3SiCl (excess) was added at a temperature of -40»C. 
The resulting mixture was allowed to return to room temperature. 
The organic phase was then separated off, the solvent removed 
and the product dried in vacuo. 

(c) Synthesis of rag-isoproovlidene-bis f 3-trimethvlsilvl- 
indenvl) zirconium dichloride 

8.34 g (20 mmol) of 2, 2-bis(3-trimethylsilyl-indenyl) propa- 
ne were dissolved in 100 ml of ether. The solution thus obtained 
was taken to -20*C, and 22 ml of a 2.0 M solution of n-butyl- 
lithium in pentane were added, a suspension of the dilithium 
2, 2-bis(3-trimethylsilyl-indenyl) propane thus being obtained. To 
this suspension, which was first allowed to rise to room tempe- 
rature and was then cooled to -40 *C, 12.06 g (50 mmol) of 
triethylstannylchloride were added. The organic layer was sepa- 
rated off and subjected to evaporation, and 50 ml of toluene 
were then added. Subsequently, 4.66 g (20 mmol) of ZrCl4 was ad- 
ded, and the mixture thus obtained was taken to 80*C and stirred 
for a further 6 hours. The toluene was then removed, and the 
product was washed with DME (5 x 50 ml) and recrystallized from 
DME. 3.69 g of pure rac-isopropylidene-bis (3-trimethylsilyl-in- 
denyl) zirconium dichloride was obtained (yield 32%). ^H-NMR 
(CD2CI2, 30«C) 61 7.80 (d,2H); 7.55 (d,2H); 7.30 (t,2H); 7.06 
{t,2H); 6.06 (S,2H); 2.38 (S,6H); 0.23 (s,18H). 
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j-ae-laoproDVlideiie-bls r3-methvl--indenvl1 gir conium dichlorida 
(a) Synthesis of 2 . 2>bisr3-inethvl-inden vl)DroDane 

It was worked according to the procedure described at point 

(a) of example 1 except that, instead of indene, 200 nunol of 3* 
nethyl-indene was used and that, after the acetone addition, the 
mixture was stirred under reflux for 3 hours. The temperature of 
distillation was 135-165»C. The product was isolated as 
dilithium salt (yield 65%). ^H-NMR (THF-dg, 30*C) 6: 7.42 
("d",2H); 7.10 ("d",2H); 6.26 ("t",2H); 6.18 ("t",2H) {ABCD, 
J«9Hz} 6.47 (s,2H); 2.33 (s, 6H, Ind-CH3) ; 1.90 (s, 6H, >CMe2) . 

(b) Synthesis of rac-isopropvlidene-bisf 3-inethvl> indenvl\ z irgn^ 
nium dichloride 

It was worked according to the procedure described at point 

(c) of example 1 except that, instead of 2,2-bis(3- 
trimethylsilyl-indenyl) propane, 20 mmol of the dilithium salt of 
2,2-bis(3-methyl-indenyl)propane was used, and that the product 
was recrystallized from toluene. Pure rac-isopropylidene- 
bis(3-methyl-indenyl) zirconium dichloride was obtained. ^H-NMR 
(CD2CI2, 30*>C) 6: 7.64 (d,2H); 7.42 (d,2H); 7.22 (m,2H); 6.96 
{m,2H); 5.83 (s,2H); 2.30 (s,6H); 2.28 (s,6H). 

EXAtiPl^E 3 

rac-igQPropVlldene-bls (3->i90Pr0PVl^indenvll zirconi um diehloridft 
(a) Synthesis of 2 , 2-bisf 3^isopropvl>indenvl)propane 

It was worked according to the procedure described at point 
(a) of example 1 except that, instead of indene, 200 mmol of 3- 
isopropyl-indene was used and that, after the acetone addition, 
the mixture was stirred under reflux for 4 hours. The temperatu- 
re of distillation was 140-175 The product was isolated as 
dilithium salt (yield 63%). ^H-NMR (THF-dg, 30^C) £: 7.45 
("d",2H) 7.27 ("d",2H) 6.30 ("t",2H) 6.23 ("t",2H) {ABCD, 

- 18 - 



wo 96/22995 



PCT/EP96/00171 



J=8.0H2} 6.63 (s,2H) 3.30 (sept, J=7 . OHz , 2H, -CH(CH3) 3) ; 1.98 (s, 
6H,>CMe2) 1.35 (d,J=7.0H2, 12H, -CH(CH3)2)- 

(b) syntihesis of rac- isonropvl idene-bis f 3-isopropvl-indenvl^ 
zirconium diehloride 

It was worked according to the procedure described at point 

(c) of example 1 except that, instead of 2,2-bis(3- 
trimethylsilyl-indenyl) propane, 20 mmol of the dilithium salt of 
2, 2-bis(3-isopropyl-indenyl) propane was used, and that the pro- 
duct was recrystallized from DUE. Pure rac-isopropylidene- 
bis ( 3 -isopropyl-indenyi) zirconium diehloride was obtained. ^H- 
NMR (toluene-dg, 30«C) 6: 7.34 (m.4H); 6.98 (m,2H) ; 6,69 (m,2H); 
5.78 (S,2H); 3.14 (sept,2H); 1.81 (s,6H); 1.20 (d,12H). 
EXftMPLE i 

irac- tsopropvlidene-b is (3-t-butvl-ipdenvl) gjrcQniw diehloride 
(a) synthesis of 2 , 2-bis r3-tertbutvl-indenvl) Propane 

It was worked according to the procedure described at point 

(a) of example 1 except that, instead of indene, 200 mmol of 3- 
tertbutyl-indene was used and that, after the acetone addition, 
the mixture was stirred under reflux for 4 hours. The temperatu- 
re of distillation was 145-185*C. The product was isolated as 
dilithium salt (yield 48%). ^H-NMR (THF-dg, 30«C) Si 8.17 
("t",4H) 6.95 (ram,4K) {ABCD} 7.36 {s,2H) 2.70 (s,6H,>CMe2) 2.19 
(s, 18H,-CMe3). 

(b) synthesis of rag-isopropvlidene-bis f 3-tertbutVl- 
indenyl> zirconium diehloride 

It was worked according to the procedure described at point 

(c) of example 1 except that, instead of 2,2-bis(3- 
trimethylsilyl-indenyl) propane, 20 mmol of the dilithium salt of 
2,2-bis(3-tertbutyl-indenyl)propane was used, and that the pro- 
duct was recrystallized from DHE. Pure rac-isopropylidene- 
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bis (3-tertbutyl-indenyl) zirconium dichloride was obtained, ^H- 
NMR (CDjClj, 30«»C) 6: 7.75 {m,4H); 7.25 (dd,2H); 6,97 (dd,2H) ; 
5.97 (s,2H); 2.33 (s,6H); 1.37 (S,18H). 
EXAMPLE 5 

rac-i30Bropvlidene*bi3(3*t-butYl--4 > S , 6 , 7-tetrahvdro-indenvl1 
giycoqtvm j^cMogAde 

In a 100 ml glass-autoclave were introduced 0.66 g of rac- 
isopropylidene-bis (3-t-butyl-indenyl) zirconium dichloride, 40 mg 
of PtOj and 50 ml of CHjClj. 5 atm of H2 were pressurized in and 
the mixture was stirred for 4 hours at room temperature. The 
mixture was filtered, the filtrate brought to dryness and 0,56 g 
of a yellow solid was isolated, which was further purified by 
washing with hexane and Et20. 0,22 g of a yellow powder were 
thus obtained. ^H-NMR (CDCI3) : 5.3(s), 2. 6-2. 9 (m), 2.2-2.4 (m), 
1.85(s), 1.4-1.8(m), 1.3(s). 

rflc-lsoprppY^Ad^l^e-bjs {g-t-frVtYt-ffYffJrPP^fftadjeBYlr) zUconium djq- 
hloride 

(a) Synthesis of 2 . 2-bisf3-t-butvl-cvclopentadienvl) propane 

10 g of KOH, 150 mmol of t-butyl-cyclopentadiene and 4.35 g 
of acetone were suspended in 100 ml of DME and the mixture 
obtained was heated to reflux and stirred for 2 hours. The mi- 
xture was then cooled and treated with 200 ml of water and. 
100 ml of diethyl ether. The organic phase was separated off, 
washed with water and dried over CaCl2. The solvent was then 
evaporated in vacuo and the residue was distilled at a tempera- 
ture of 145-165*»C. The broad fraction was collected and 
recrystallized (yield 81%). ^H-NMR (CDCI3) 6: 6.3-5.7 (m, 4H) 
3.0-2.8 (m, 4H) 1.5-1.4 (m, 6H) 1.3-1.2 (m, 18H) . 
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(b) c;y„i-hP^is of n^^-igoD r n»v1<ri^ne-bisf3-t-bUtvl»CVClQPenta- 

dienvl^ zirconium rijehloride 

It was worked according to the procedure described at point 

(c) of example 1 except that, instead of 2,2-bis(3- 
trimethylsilyl-indenyl) propane, 6.01 g (20 mmol) of 
2, 2-bl8(3-t-butyl-cyclopentadienyl) propane, and that the product 
was whashed with 50 ml of pentane and then recrystallized from 
ether. 1.97 g of pure rac-isopropylidene-bis(3-t-butyl-cyclopen- 
tadienyl) zirconium dichloride was obtained (yield 22%). ^H-NMR 
(THF-dg, 30»C) 6z 5.65 (t,2H); 5.53 (t,2H); 1.60 (S,6H); 1.23 
(s, 8H) . 

EMWPJjE 7 

ninrn dichloride 

(a) fivt, thesis »f 2 ^-h4sf a-methvl-A-t-butvl- 
riYelonentadip nYl inronane 

17.8 g (131 mmol) of 2-methyl-4-t-butyl-cyclopentadiene was 
added within 0.5 hours under vigorous stirring to a suspension 
of 10 g of KOH powder in 100 ml of DME. The obtained mixture was 
heated to reflux. Then 4.8 ml (66 mmol) of acetone was added 
dropwise within 0.5 hours and the mixture was stirred under re- 
flux for additional 6 hours. The resulting mixture was cooled, 
treated with 200 ml of diluted phosphoric acid until neutraliza- 
tion and then with 100 ml of diethyl ether. The organic layer 
was separated, washed with water and dried over Na2S04. Then the 
solvent was removed in vacuo and the residue was distilled under 
0.01 torr. The 130-160«C broad fraction was collected, diluted 
with 30 ml of EtjO and treated with 60 ml of a 2.0M solution of 
n-butyllithium in hexane. White crystalline precipitate of the 
product was isolated, whashed twice by 20 ml of EtjO and dried 
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in vacuo (yield 60%). ^H-NMR (THF-dg, 30«C)) 6: 5.52 ("d", 2H) ; 
5.22 ("d", 2H); 3.58 (s, 6H) ; 1.58 (s, 6H) ; 1.18 (s, 18H) . 
(b) Synthesis of isopropylidene-bis f 2-roethvl-4-t-butvl-cvclQ- 
3.24 g (10 XQxnol) of the product obtained in step (a) was 
treated with 3.98 g (20 niool) of triiaethylstannylchloride dilu«* 
ted in 50 ml of Et20. The solution was decanted from LiCl preci- 
pitate, the solvent was removed and the residue was diluted with 
40 ml of toluene. The resulting solution was treated with 2.33 g 
(10 mmol) of ZrCl4 and the mixture was stirred until the 2rCl4 
was dissolved. Then the solvent was removed and the residual 
solid was recrystallized from heptane. A 1:1 rac^/meso^ mixture 
of isopropylidene-bis (2-roethyl-4-t-butyl-cyclopentadienyl) zirco- 
nium dichloride was obtained (yield 87%) . Recrystallization from 
DME yields a 2:1 rac-/jneso- mixture. ^H-NMR (CDjClj; 30«C) rac- 
form 6: 6.29 (d, J=3.0H2, 2H) ; 5.51 (d, J=3.0H2, 2H) [cyclopen- 
tadienyl ring]; 2.16 (s, 6H, -CH3 in ring); 1.91 (s, 6H, 
>C(CH3)2); 1.28 (s, 18H, -C(CH3)3). meso-form 6: 6. OB (d, 
J=3.0Hz, 2H) ; 5.65 (d, 2H) [cyclopentadienyl ring]; 2.29 (s, 6H, 
-CH3 in ring); 2.01, 1.88 (s, 2x3H, >C(CH3)2); 1.23 (s, I8H, - 
C(CH3)3). ^^C-NMR (-"-) S: 145.5; 118.2 [quat. C in ring]; 120.7; 
106.2; 100.2 [tert. C in ring]; 37.0; 33.0; [>C<]; 30.1 
IC(CH3)3]; 24.2 [>C(CH3)2]. 
EXAMPLE 8 

psendorac-benziltdene'^bis rindenyl) zirconium dlchlortda 
(a) Svnthesis of bisf indenvDphenvlmethane 

It was worJced according to the procedure described at point 
(a) of example 1 except that, instead of acetone, 100 mmol of 
benzaldeide was used and that, after the benzaldeide addition, 
the mixture was stirred under reflux for 5 hours. The temperatu- 
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re of distillation was 140-170'C. The collected fraction was 
recrystallized from a heptane (yield 60%) . ^H-NMR (acetone-dg, 
30«C) 6: 7.52-7.18 {inin,13H,} 6.05 (q,2H,=CH-) 5.39 (in,lH,>CH-) 
3.40 (br.s., 4H,-CH2-). "c-NMR (CDjCljr 30«C) S 145.6; 145.1; 
141.5 (=C<) 131.8; 129.3; 128.7; 127.0; 126.2; 124.1; 120.2 
(=CH-) 44.5 (>CH-) 38.1 (-CHj-) . 

(b) Synthesis of pseurfoyag^benzilidene-bisf indenvll zirconium 

It was worked according to the procedure described at point 

(c) of example 1 except that, instead of 2, 2 -bis ( 3- 
trimethylsilyl-indenyl) propane, 20 mmol of the dilithium salt of 
bis(indenyl)phenylmethane was used, and that the product was 
recrystallized from DME. pseudorac-benzilidene-bis(indenyl) zir- 
conium dichloride was obtained (due to unsimmetry of the bridge, 
the anti- isomer can not be the exact rac- isomer) . ^H-NMR 
(CD2CI2, 30OC) S: 7.84-7.12 (groups of multiplets, 12H) ; 6.76 
(t,lH); 6.70 (d,lH); 6.60 (d,lH); 6.11 (two doublets, IH+IH) ; 
6.51 (br.s,lH). 

POLYMERIZATION OF PROPYLENE 
MODIFIED METHYLALUM03CANE (M-MAO) 

A commercial product (ALBEMARLE) was used as such in a Iso- 
par C solution (62 g of Al/1) • 

All steel autoclave, equipped with a jacket, a stirrer 
system and a resistance heater connected to a thermostat for 
temperature control, and cleaned beforehand with a solution of 
AliBuj in hexane and then dried at 60 under a nitrogen stream, 
was charged with 0.4 1 of propylene. The autoclave is then 
brought to the desired temperature, and 2.25 ml of a solution of 
M»MAO in Isopar C and 0.5 ml of toluene containing l mg of the 
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metallocene of Example 1, aged for 10 minutes, are added there- 
to. The polymerization is carried out for 1 hour. The polymeri- 
zation conditions and the data relating to the characterization 
of the obtained polymers are indicated in Table l. 
glCAMPLES 

The procedure followed was as described in Examples 9-10, 
using a 2.3 1 steel autoclave, equipped with a jacket, stirrer 
and resistance heater, and connected to a thermostat for tempe- 
rature control. The polymerization conditions and the data rela- 
ting to the characterization of the obtained polymers are indi- 
cated in Table 1. 
EXAMPLES 18^22 

The procedure followed was as described in Examples 9-10, 
except that the metallocene of Example 4 was used. The polymeri- 
zation conditions and the data relating to the characterization 
of the obtained polymers are indicated in Table 1. 

EXAMPLES 2 3-2S 

The procedure followed was as described in Examples 18-22, 
except that the metallocene of Example 4 was used as a 7:3 rac- 
/meso mixture obtained before recrystallization. The polymeriza- 
tion conditions and the data relating to the characterization of 
the obtained polymers are indicated in Table 1. 

E3CAMPLES 26>27 

The procedure followed was as described in Examples 9-10, 
except that the metallocene of Example 5 was used. The polymeri- 
zation conditions and the data relating to the characterization 
of the obtained polymers are indicated in Table l. 
EXAMPLE 28 

The procedure followed was as described in Examples 9-10, 
using 1 mg of the metallocene of Example 6. The polymerization 
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conditions and the data relating to the characterization of the 
obtained polymers are indicated in Table 1. 

The procedure followed was as described in Examples 11-17, 
using 1 mg of the metallocene of Example 6. The polymerization condi- 
tions and the data relating to the characterization of the obtained 
polymers are indicated in Table 1. 

EXAKPLE8 30-34 

The procedure followed was as described in Examples 9-10, 
except that the metallocene of Example 7 was used. The polymerization 
conditions and the data relating to the characterization of the 
obtained polymers are indicated in Table 1. 

EXAMPLES 35-36 

The procedure followed was as described in Examples 30-34, 
except that a 100 litres autoclave was used. The polymerization con- 
ditions and the data relating to the characterization of the obtained 
polymers are indicated in Table 1. 

The procedure followed was as described in Examples 9-10, 
except that 235 g (0.45 1) of propylene and 28 g of 1-butene were 
charged into the autoclave. 

The metallocene used, the polymerization conditions and the data 
relating to the characterization of the obtained copolymers are indi- 
cated in Table 2. 
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1* A metallocene compound of the formula (I): 




(D 



wherein R^, R^, R^ and R*, which can be identical or different, 
are hydrogen atoms or C^-Cjo-aUcyl/ C3-C2o-cycloalkyl^ 
C2-C2o-alkenyl, Cg-Cjo-^i^l » C7-C2o-alkylaryl or C7-C2o-arylallcyl 
groups which can contain silicon or germanitan atoms, R*^ being 
different from R^ and from a hydrogen atom, and wherein R^ and 
R^ on the same cyclopentadienyl ring can form a ring having 5 
to 8 carbon atoms; 

R^ is a hydrogen atom or a -CHR^R® group; 

R^ is a Cg-Cjo-aryl radical or a -CHR^R^^ group; 

R^ and R^ can form a rizig having 3 to 8 carbon atoms which can 

contain hetero atoms; 

r'', R®, r' and k}^, which can be identical or different, are 
hydrogen atoms or Ci-C2o"alkyl, C3-C2o-cycloalkyl, 
Cj-CjQ-alkenyl, Cg-C2o-aryl, C7-C2o-alkylaryl or C7-C2o-arylalkyl 
radicals which can contain hetero atoms such as nitrogen, pho- 
sphor, oxygen or sulphur, and two R^, R°, R^ and R^° 
substituents can form a ring having 3 to 8 ceorbon atoms which 
can contain hetero atoms; 
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M is an atom of a transition metal selected from those belon- 
ging to group 3, 4, 5, 6 or to the lanthanide or actinide 
groups in the Periodic Table of the Elements (new lUPAC 
version) ; 

the X substituents , v^ich can be identical or different, are 
hydrogen atoms, halogen atoms or R, OR, SR, NR2 or PR2 groups, 
wherein the R substituents are C^-Cjo-alkyl, C3-C2o-cycloal}cyl, 
C2-C2o-alkenyl, C6-C2o-aryl, C7-C2o-alkylaryl or C7-C2o-arylalkyl 
radicals which can contain silicon or germaniiam atoms; 
with the proviso that, when the R^, R^ and R"* substituents are 
hydrogen atoms and the R^ and the R^ substituents are methyl 
groups, then the R^ substituents are other than an isopropropyl 
or tertbutyl group, 

2. The metallocene compound according to claim 1, wherein the 
transition metal M is selected between titanium, zirconium and 
hafnium. 

3. The metallocene compound according to claim 1 or 2, v^erein the 
X substituents are chlorine atoms or methyl groups. 

4. The metallocene compound according to any of claims 1 to 3, 
wherein the R^ substituents are hydrogen atoms. 

5. The metallocene compound according to claim 4, wherein the R^ 
substituents are different from hydrogen atoms. 

6. The metallocene compound according to claim 4 or 5, wherein the 
R^ substituents are carbon, silicon or germanium atoms substi- 
tuted with three alkyl, cycloalkyl, aryl, alkylaryl or 
arylalkyl groups having 1 to 10 carbon atoms. 

7. The metallocene confound according to any of claims 4 to 6, 
wherein the R"* substituents are hydrogen atoms. 

8. A metallocene compound of the formula (II): 

- 30 - 



wo 96/22995 



PCT/£P96/00171 




and the corresponding bis-4,5,6,7-tetrahydroindenyl compound, 
wherein R^, R^, R^, R^# M and X are defined as in any of the 
preceding claims, the six-carbon-atom rings of the indenyl 
ligands being optionally substituted. 
9* Die metallocene compound according to claim 8, wherein the R^ 
substituents are carbon, silicon or germanium atoms substituted 
with three alkyl, cycloalkyl, aryl, alkylaryl or arylalkyl gro- 
ups having 1 to 10 carbon atoms. 

10. The metallocene compound according to claim 8 or 9, wherein the 
R^ substituents are hydrogen atoms. 

11. A process for the preparation of a metallocene compound as 
claimed in any of claims 1 to 10, comprising the reaction of 
the corresponding bis-cyclopentadienyl ligand^; of the formula 
(III) ! 
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Wherein R^, R^, R^, R^, R^ and R^ are defined as above, and A is 
a suitable leaving group, with a compound of the formula HX4 
wherein M and X are defined as in any of the preceding claims. 

12. A catalyst for the polymerization of olefins, consisting of the 
product of the reaction between: 

(a) a metallocene compound as claimed in any of claims l to 
10, and 

(b) an alumoxane or a compound able to form an alkylmetalloce* 
ne cation. 

13. A process for the polymerization of olefins, said process com- 
prising the polymerization reaction of an olefin monomer in the 
presence of a catalyst as claimed in claim 12. 

14. The process for the polymerization of olefins according to 
claim 13, wherein the olefin monomer is propylene. 

15. ThB process for the polymerization of propylene according to 
claim 14, wherein propylene is polymerized in the presence of a 
metallocene compound of the formula (II) , wherein the R^ sub- 
stituents are carbon, silicon or germanium atoms substituted 
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with three alkyl, cycloalkyl, aryl, alkylaryl or arylaUcyl 
groups having 1 to 10 carbon atoms, and wherein R^, R^, R^, M 
and X cure defined as above, the R^ substituents being 
preferably hydrogen atoms. 

16. The process for the polymerization of propylene according to 
claim 15, wherein the metallocene compound of the formula (II) 
is selected between: 

isopropylidene-bis(3-t-butyl-indenyl) zirconium dichloride, 
isopropylidene-bis(3-trimethylsilyl-indenyl) zirconium dichlori- 
de, and 

isopropy lidene-bis ( 3-trimethylgermyl-indenyl ) zirconiian dichlo- 
ride. 

17. The process for the polymerization of propylene according to 
claim 14, wherein propylene is polymerized in the presence of a 
metallocene compound of the formula (I) in which the R^ substi- 
tuents are hydrogen atoms and the R^ substituents are carbon, 
silicon or germanium atoms substituted with three alkyl, cyclc- 
alkyl, aryl, alkylaryl or aurylalkyl groups having 1 to 10 car- 
bon atoms, the R^ substituents being preferably hydrogen atoms. 

18. The process for the polymerization of propylene according to 
claim 17, wherein in the metallocene compound of the formula 
(I) the R^ substituents are different from hydrogen atoms. 

19. The process for the polymerization of propylene according to 
claim 18, wtiidti is carried out at a temperature of at least 
50*»C. 

20. The process for the polymerization of propylene according to 
claim 17, wherein the metallocene compound of the formula (II) 
is selected between: 

isopropylidene-bis(3-t-butyl-cyclopentadienyl) zirconium dichlo- 
ride, and 
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isopropylidene-bis (2-inethyl-4-t-butyl-cyclopentadienyl) zirco- 
nium dichloride. 

21. A propylene homopolymer having the following characteristics: 

molecular weight distribution (Mw/Mn) lower than 4, 
isotactic (inxnmm) , as determined by ^^C-NMR analyses, pen- 
tads higher than 70%, 

no structural units due to regioirreguleu: insertions dete- 
ctable at the ^^C-NMR analysis carried out with a 300 MHz 
instrument. 

22. A propylene homopolymer having the following characteristics: 

molecular weight distribution (Mw/Mn) lower than 4, 
- isotactic (m) diads, as determined by ^•'c-NMR analyses, 
higher than 99%. 

23. A propylene copolymer with 0.1-10% by moles of a C4-C^q a-olefin 
comonomer, having the following characteristics: 

isotactic (m) diads, as determined by ^^C-NMR analyses, 
higher than 70%, 

molecular weight distribution (Mw/Mn) lower than 4, 
xylene-soluble fractions lower than 3% by weight. 

24. The propylene copolymer according to claim 23, wherein the 
a-olefin comonomer is 1-butene. 
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